Background: While the HIV epidemic is levelling off in sub-Saharan Africa, it remains at an unacceptably high level. Young people aged 15-24 years remain particularly vulnerable, resulting in a regional HIV prevalence of 1.4% in young men and 3.3% in young women. This study assesses the effectiveness of a peer-led HIV prevention intervention in secondary schools in Rwanda on young people's sexual behavior, HIV knowledge and attitudes.
Background
With 22.9 million people living with HIV and 1.9 million new infections in 2010 the HIV epidemic seems to be levelling off in sub-Saharan Africa, but remains at an unacceptably high level. Nearly half of the new HIV infections occur among young people aged 15-24 years, resulting in a regional HIV prevalence of 1.4% in young males and 3.3% in young females [1] . Hence, changing sexual behavior in this group is crucial in tackling the pandemic [2] . Since no vaccine or cure is available, the focus should be on behavioral prevention such as, delaying the onset of sex, reducing the number of sex partners and increasing condom use. Despite many efforts and international engagements, youth still lack the knowledge, tools and support they need to practice these HIV risk-reduction strategies [3, 4] .
The Rwandan government has adopted peer education as a strategy to prevent HIV infection among in-school youth [5, 6] . Peer education is "the process whereby welltrained and motivated young people undertake informal or organized educational activities with their peers (those similar to themselves in age, background or interests) over a period of time, aimed at developing their knowledge, attitudes, beliefs and skills and enabling them to be responsible for and protect their own health" [7] . Since 1998, the Rwandan Government has been installing anti-AIDS clubs in secondary schools. Ten years later 98% of secondary schools had installed such clubs. However, the anti-AIDS clubs often remain inactive due to a lack of guidance, financial and material support [8] .
Over the past few years the Rwandan Government and several organizations, including Voluntary Service Overseas, Population Services International, Africa Humanitarian Action, Human Development Initiative and the Rwandan Red Cross Society, have selected a number of schools to provide support for the anti-AIDS clubs. In most cases, this support is temporary and project-based, and consists of training a number of selected students to become a peer educator in their school. The effectiveness of these activities has not yet been thoroughly evaluated. Since this method of HIV prevention will remain important in Rwanda for the next few years, and it is a common practice in other African countries, we found it important to evaluate its impact and, if needed, to formulate recommendations. This paper evaluates the effectiveness of the HIV prevention peer education intervention implemented by the Rwandan Red Cross Society in the district of Bugesera in increasing HIV related knowledge, reducing sexual risk behaviors and changing attitudes. Hence this paper adds to the knowledge base of the effectiveness of HIV prevention interventions for young people in sub-Saharan Africa, and of peer education in particular.
Methods

The peer education intervention
This study assesses the effectiveness of the peer education program on young people's HIV knowledge, attitudes and self-reported sexual behavior. The intervention was based on an integrated theoretical framework that included aspects of the Theory of Reasoned Action, the Social Learning Theory, the Diffusion of Innovations Theory, and the Health Belief Model. The intervention delivery was based on participatory learning techniques. The intervention development was the result of a collaboration between the Rwandan Red Cross and two expert organizations in the field of HIV and sexual and reproductive health, and was based on a number of peer education manuals [7, 9, 10] .
The intervention took place in all fifteen secondary schools in the district of Bugesera (Rwanda) and was developed and implemented by the Rwandan Red Cross. The general objective of the peer education program was to reduce sexual risk behavior and to promote sexual and reproductive health in the secondary school communities by activating the anti-AIDS-clubs in the schools. The design of the program was informed by experiences with peer education in a different district in Rwanda, several manuals on effective peer education [10, 11] and the expertise of two organizations specialized in sexual health. The intervention consisted of an initial six-day training for five students (peer educators) of each participating school, as well as for one teacher per school who was tasked with supporting the peer educators in their daily activities. The training consisted of information on the Red Cross and its main principles, HIV/AIDS, sexually transmitted diseases, family planning and pregnancies, the role of the peer educator (what is expected of a peer educator and what is the deontology of a peer educator?) and teaching methods (how to best approach students and how to transmit messages and counsel?). School principals attended a half-day information session on the program. The peer educators were selected by the disciplinary teacher, who lives in the school and knows the students well, based on a number of predefined criteria (personal characteristics, sex, study year).
The training for the peer educators was organized in July 2009 and intervention activities in the schools started in August 2009. Additional trainings were planned in the second part of the intervention, but did not take place (see Discussion section). In September 2009 a large event uniting all intervention schools was organized to launch the intervention. During the course of the intervention, the peer educators were tasked with teaching their fellow students how to adopt positive and responsible behaviors, such as respect within relationships and personal responsibility for protective behavior. This was done through group and individual counseling, drama performances, songs and other interactive methods. Throughout the duration of the intervention, the activities of the peer educators were monitored and followed-up by the district Red Cross coordinator. Peer educators had to hand in an activity report each trimester. The intervention ended in November 2010. The implementation process and a process analysis is described in detail elsewhere [12] .
Study design and sample size
The study is a non-randomized controlled trial including eight intervention and six control schools. The study assessed knowledge, attitudes and behaviors of the students three times over a period of eighteen months: March 2009 (Baseline), March 2010 (T1) and September 2010 (T2).
We based the sample size calculation on the study objective of assessing whether or not the intervention influenced the time trend in condom use and recent history of sexual intercourse. Sample size calculations were conducted with Wald tests for the odds ratio resulting from regression models with two binary variables (intervention/control and T0/T1 or T0/T2) and their interaction. For logistic regression models, a minimum of 1,241 observations are required to detect an adjusted odds ratio of 2 or more with 80% power at the 0.05 significance level, under conservative assumptions of 30% baseline prevalence of the outcome variable and no changes over time in the control group [13] . For linear regression models, a minimum of 348 observations are required to detect a small standardized effect size (Cohen's d) of 0.3 with 80% power at the 0.05 significance level [14, 15] . Further, we assumed a design effect of 2, due to possibly strong correlation of repeated measurements from the same participant (T0/T1/T2), resulting in a minimum of 2,482 observations required from 1,241 participants. Anticipating a 25% loss to follow-up, we increased the target sample size to 1,655 participants at T0.
School and participant selection
Schools were selected on a purposive basis. We aimed to include the greatest variety of schools in the study and applied several selection criteria: education offered (lower/higher secondary education), location (urban/ rural), religious background, number of students (small/ large) and funding (public/private). All selected schools were willing to participate in the study. Since no roads directly connect intervention and control sites, cross-site contamination was unlikely.
The study targeted all students who were in their second and fifth year, since they had a higher chance of still being in school at the end of the survey. Drop-out rates are highest after the third year (the end of lower secondary education) and of course the sixth and final year. A coding system guaranteeing confidentiality, separately storing identifying information and questionnaire answers, was used to match students over the three waves. At T1 and T2 schools were visited up to three times to retrieve students. In the schools included in our study, no other organizations were implementing activities in the field of HIV/AIDS or sexual and reproductive health (Table 1) .
Procedure
The questionnaire was developed in French, translated in Kinyarwanda and back translated in French. It was tested for comprehensibility on a population of 30 students in the first year of secondary education. The questionnaires were self-administered in classrooms or refectories. Data-entry was done electronically using Optical Mark Recognition software.
Before the start of the survey, the students gave written informed consent after concepts of voluntary participation and confidentiality were explained to them. School principals signed an informed consent form agreeing that their school would be used as a study site and that students would be requested to complete questionnaires. Parental consent was waived in the ethical review process, based on two arguments. First, practical considerations: parents live far from the schools and visit rarely, no full address details or phone numbers were available, and illiteracy is high. Second, we argued for a developmental approach to adolescence and adulthood and stressed the importance of collecting data directly from adolescents. Based on several guidelines [16] [17] [18] and scientific literature [19] [20] [21] we argued that adolescents have the cognitive capacity to take decision 
Statistical analysis
Statistical analyses were performed using Stata version 11 (Stata Corporation, College Station, TX) and SAS version 9.2 (SAS Institute Inc., Cary, North Carolina). Since the allocation of schools to the intervention and control group was not randomized, we initially evaluated eight variables (described further) to see if there were significant differences between baseline values in the intervention and control groups (see Table 2 ). Then we calculated propensity scores and participants with propensity scores outside of the area of common support ([0.17, 0.98]) were excluded from subsequent analyses [22] . Propensity scores are used to reduce selection bias when assignment to study arms is not randomized. A participant's propensity score is its probability of being assigned to a specific study arm given a set of known covariates [23] .
Marginal linear and logistic regression analyses, using Generalized Estimating Equations (GEE), were conducted to determine the likelihood of experiencing different outcomes based on which group the participant belonged to, while accommodating for repeated, correlated measures. Specifically and most importantly for this analysis, these models allow for investigation of group effects, time effects, and group by time interactions. Our analysis specified an unstructured correlation matrix and a binomial or Gaussian distribution depending on which dependent variable was analysed. Correlation between students within schools was ignored in the analysis, as it was weak and nonsignificant (p > 0.05).
Variables
The independent variable in this study was exposure to the peer education program, operationally defined as attending a school where the peer education intervention was deployed. *Calculated using simple regression models with the baseline characteristic as the outcome of interest, and the intervention group as the independent variable. **Calculated using multiple regression models. Observations whose propensity scores fell outside of the minimum and maximum values for the opposite group were eliminated from the analysis. A model was fit with the baseline characteristic as the outcome of interest, and the intervention group as the independent variable. It was adjusted for the propensity score.
Degree of participation in the program was operationalized using a scale made up of six variables measuring participation in six program activities (e.g. drama plays or small-group counseling). For each activity the respondent could indicate if he/she did not participate, participated passively (observed) or actively participated in the activity. The participation scale, including all six activities, ranges from 0 (no participation at all) to 12 (very active participation) (Cronbach's alpha: 0.834).
The study evaluated seven dependent variables that assessed a student's knowledge of HIV protection modes, attitudes toward HIV/AIDS, and sexual behavior. Knowledge of HIV protection modes was measured with 11 items proposing true and false statements about ways of protection, which were consequently summed to get a score from 0 (all answers incorrect) to 11 (all answers correct). Attitudes towards HIV/AIDS were divided into three attitudinal constructs. Perceived susceptibility to HIV (range 0-16, Cronbach's alpha 0.67) was measured using the validated 4-items scales of Lux & Petosa [24] . Perceived severity of HIV was measured in one single item ' At present, the danger of AIDS has almost passed' (agree/disagree). Enacted stigma was measured by two items asking if the students would refuse to be taught by a HIV-positive teacher and if they thought HIV-positive students should be expelled from school (scale 0-1, Cronbach's alpha 0.76). Sexual behavior was measured through three variables: did you ever have sexual intercourse? (no/yes); did you have sex in the last 6 months? (no/yes); did you use a condom at last sexual intercourse? (no/yes).
The propensity score included eight sociodemographic and behavioral baseline variables, chosen because they demonstrated significant differences between intervention and control students: 1) sex: boy/girl; 2) age; 3) ever had sex: yes/no; 4) condom use at last intercourse: yes/no/don't remember; 5) had sex in the last six months: yes/no; 6) having been tested for HIV: yes/no/don't know; 7) socio-economic status: a constructed variable, made up of five questions on possessions of the respondent's family and subsequently categorized into low, middle, or high socio-economic status; 8) living situation during the school year: boarding school on school ground/boarding school outside school grounds/with parents or family.
Two additional candidate confounding variables were evaluated in the models, because of their potential impact on sexual behavior: 1) alcohol use (never/once a week or more/once a months or more) since sexual risk behavior has often been associated with alcohol use [25] [26] [27] ; 2) sexual self-concept using an adapted scale made up of 13 4-point Likert items, with scores ranging from 13 to 52 (Cronbach's alpha of 0.60) [28] . Sexual selfconcept has been studied and found to be of influence on sexual behavior and sexual decision making [29] [30] [31] . 
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Results
The total retention rate after the third survey at 18 months was 71.8% (1400/1950). Reasons for not completing the study were drop-out of school (63%), illness (9%) and absence from school at the time of survey (28%). The retention rate was higher in the control group: 65.1% versus 79.7% (p < 0.001). Table 2 shows the socio-demographic characteristics and baseline sexual behavior of respondents. On a number of factors there were significant differences between the intervention and control groups at baseline. Although the median age was the same, the average age of students was higher in the intervention group than in the control group. There are more intervention students following technical education and less in accounting. Control students have a higher socio-economic status. As for their sexual behavior, more intervention students were sexually active, but they did not have more sex in the 6 months preceding the survey. More intervention students had been tested for HIV, while control students had more knowledge of HIV. After adjustment for propensity score, only the living situation was significantly different for intervention and control students. Of the initial 1950 students, 1588 were retained in the main analysis after dropping participants who were not in the area of common support from the propensity score analysis (n = 362). Tables 3 and 4 show the evolution in key outcome variables over time for the intervention and control group. Over the period of the intervention, the number of sexually active students increased, the proportion of students who had sex in the six months preceding the survey increased and condom use at last sex increased. These evolutions were not significantly different in the intervention and control group.
We found an increase in knowledge both in the intervention and control students, especially in the second part of the intervention. This increase was significantly slower in the intervention group, although in absolute numbers the difference was not very large. Reported enacted stigma was high at baseline, especially in the intervention group. The data showed that the intervention significantly reduced enacted stigma, especially in the first part of the intervention, but the trend remained visible at T2. No significant results were found for perceived susceptibility to or perceived severity of HIV.
Alcohol use (both occasional and frequent) had a significant impact on being sexually active and on recent sexual activity. Respondents with a high sexual selfconcept were more likely to be sexually active and to have had sex in the last six months, and less likely to report enacted stigma. Figure 1 shows that a large proportion of students in the intervention schools did not participate at either point in time (43.4% at T1 and 46.5% at T2) and only 13.7% and 11.6% of students had a participation score above six at T1 and T2 respectively. In a supplementary dose-response analysis among students from the intervention schools only, we investigated whether more intensive participation in the peer education program affected any of the seven dependent variables. Only for knowledge of HIV we observed a statistically significant time*participation score at T2, yet the effects of higher participation on were minimal and not behaviorally meaningful.
Discussion
Limited effectiveness of the peer education intervention
We observed limited effectiveness of the peer education intervention in increasing knowledge, changing attitudes and reducing sexual risk behavior. The intervention did not seem to effectively alter sexual risk behavior. Knowledge of HIV protection modes did increase somewhat, but the increase was actually larger in the control group. We could not find a sound explanation for this observation. On the other hand, the intervention did significantly reduce enacted stigma. This could indicate that the peer education program succeeded in creating a more positive, less stigmatizing climate, pulling it out of the taboo sphere.
The results are comparable to other evaluation studies of peer education interventions for youth. Individual and review studies have shown that peer education interventions do not completely succeed in their main objective, i.e. reducing sexual risk behavior [32] [33] [34] [35] [36] [37] . The most recent review on the effectiveness of peer education HIV prevention interventions [38] identified four evaluations of peer education interventions in sub-Saharan Africa that reported on self-reported behavior using a quasiexperimental design [39] [40] [41] [42] , not showing compelling evidence that peer education works for young people in this context. A literature study on the effectiveness of all types of HIV prevention interventions for young people in sub-Saharan Africa done in 2006 and recently updated indicated weak evidence that peer-led interventions are effective and recommended against scale-up [43, 44] .
Study limitations
We are aware of several limitations of this study. First, since the intervention was planned to be implemented in all schools in one district in Rwanda it was not possible to randomize schools for participation in the intervention. Moreover, the intervention district was chosen because of its lower socio-economic status and its need for the intervention. Unsurprisingly, we found sociodemographic and behavioral differences between intervention and control students at baseline. To counter these differences, we adjusted for propensity scores in all analyses. Second, all schools, both in the intervention and control site, were asked if other HIV prevention interventions were taking place in the schools. Even if this was not the case, it cannot be excluded that regional or national prevention campaigns intervened with the interventions, that interventions with lingering effects had been implemented prior to the evaluation, or that in some schools teachers might be more actively involved in spreading HIV prevention messages, e.g. in biology classes. Third, we operated from the assumption that the messages of the intervention would reach, one way or another, all students in the schools. The interventions were freely accessible for all students of the intervention schools. However our analysis showed that a large number of students did not participate in the intervention at all, while only a few participated very actively. Nevertheless, differences in outcomes among students with low and high participation levels were negligibly small. Finally, even though we have regular reports of peer educators' activities and paid several visits to the schools, we were not present during all the activities and therefore cannot ascertain the quality of all activities in each school.
Reasons for observed limited effectiveness
Based on our evaluation study and existing literature we identified several factors that can help to explain the limited impact of this intervention, in particular, and of peer education for young people in general. These factors are associated with: 1) the implementation of the intervention; 2) the design of the intervention; 3) the underlying assumptions of peer education for young people; 4) appropriate indicators of sexual behavior of young people.
Factors associated with the implementation of the intervention
The intervention studied in this paper was limited by implementation issues, partly explaining the lack of effectiveness. During the second half of the intervention internal problems arose in the organization, leading to limited monitoring and follow-up of the peer educators, and failure to provide the second round of training for the peer educators [12] . Consequently, in the second part of the intervention, we observed a reduction in the number of activities organized by the peer educators in all schools. In the activity reports of the second part of the intervention, more peer educators requested additional support of the intervention coordinator. However, if this was the only reason for the lack of effectiveness, we would have seen better results after the first part of the intervention.
Factors associated with the design of the intervention
Notwithstanding that the intervention discussed in this paper was thoroughly developed, based on previous experience, peer education manuals and with the input from expert organizations, there were some lacunas in the intervention design.
The objectives of the intervention are very broad (to reduce sexual risk behavior and to promote sexual and reproductive health in the secondary school communities), as is the case in many other peer education interventions, e.g. [45] [46] [47] [48] [49] , while the methodologies used are rather limited (informative, sensitizing methodologies such as theatre, songs, counseling). It has been amply demonstrated and discussed that increasing knowledge alone will not change sexual behavior [50] [51] [52] , since sexual behavior is also determined by a number of other factors. For example, we cannot expect young people to use more condoms by only talking about condoms and not providing them in the schools.
Furthermore, the intervention focuses on the individual, while sexual behavior is influenced by a large number of factors on different levels: personal, inter-personal, institutional, socio-cultural, structural (e.g. the socio-ecological model of Bronfenbrenner [53] ). Behavior change can only be reached by tackling all these levels. Mason-Jones [35] explained after evaluating the lack of effectiveness of a peer education program: "It may be that social factors are so influential that an individualized health education program cannot hope to make changes".
It is our conviction that we set the expectations of peer education interventions too high. It would be more realistic to recognize these interventions in their true value in contributing to a more positive, less stigmatizing climate, and to complement them with other types of interventions, such as youth-friendly services, condom distribution, community involvement and structural approaches.
Factors associated with peer education as a prevention strategy
Since many Rwandan school-going youth stay in a boarding school and only return to their families two or three times a year, they have no other option than to rely on peers or teachers for HIV/SRH information. However, this does not mean they want to rely on them. In our study students were asked to indicate the two main channels through which they would prefer to receive information on HIV: friends ranked sixth as a preferred source of information, after radio, parents, television, teachers and medical experts (docters/nurses). This finding is supported by studies from other countries. Young people in Uganda prefer receiving HIV information from formal sources. They rank friends last and mass media and teachers first as preferred prevention sources [54] . In Cameroon a study among urban youth shows that only 3% of respondents named their friends as people whose opinion they value, while 93% mentioned family members [55] . A study among Canadian youth demonstrated that, although they indicate friends as their main source, young people prefer receiving sexual health information from professionals [56] . A study from the United Kingdom stressed the important role of parents in sex education, and showed that young people prefer to be taught about sexual health by health professionals [57] .
Peer education implies that certain members of a group (peer educators) can be influential in convincing their peers to change their behavior. The strategy has proven successful in other fields of health promotion (e.g. [58, 59] ). However, when it comes to HIV prevention among young people, not disregarding the capacities they have, it is a very tall order to expect a young personpossibly discovering his/her sexuality him/herself -to act as an expert and guide, counsel, teach and advise peers on a personal, sensitive and complex issue as sexuality. Furthermore, when it comes to young people, the notion of 'peer' oftentimes refers to someone of the same age. This is a very simplistic notion: even though they might be of approximately the same age, this does not mean they have a similar background, similar experiences, similar values and norms [60] . Besides personal characteristics, a peer educator's credibility is determined by their own behavior and by how they transmit messages. A study of a peer education drug prevention intervention found that young people value experience-based and message-based credibility more than the peer educators' personal characteristic ( [61] in [60] ).
Factors associated with the evaluation of the intervention
The ultimate goal of HIV prevention interventions is a reduced incidence of HIV in young people. While directly measuring HIV incidence is often not possible, the envisaged intervention effect is operationalized by measuring self-reported sexual behavior. To this end, in this and many other evaluation studies, internationally recognized indicators are used: 'condom use at last sex' (if this increases the intervention is considered successful), 'recent sexual activity' (if this decreases, the intervention is considered successful), the 'number of sexual partners in the last 6 months' (if this decreases the intervention is considered successful). We argue that these indicators might not be adequate to measure the actual risks taken by the respondents. By using these indicators individually and by neglecting the relationships or context in which these sexual activities take place, these indicators ignore that young people can have healthy sexual relationships. For example, the indicator 'condom use at last sex' might hide an increase in young people that are in a monogamous relationship, and decide not to use a condom after a negative HIV test. Or why would having a large number of sexual partners be negative for one's sexual health, if the sexual intercourse is consensual and protected? An indicator that would appropriately measure sexual risk behavior should include aspects of exposure (relationship and partner characteristics), transmission (type of sex and protective measures), and preferably also infectiousness (HIV infection and stage of infection of the partners). The development of such contextualized, composite sexual behavioral measures is essential to measure the real risks young people are taking, hence to determine the real effectiveness of HIV prevention interventions. Our intervention did control for individual characteristics influencing sexual behavior (alcohol use and sexual self-concept), but did not control for relational and contextual characteristics.
Conclusions
Recommendations for future interventions and evaluation studies
Peer education is an attractive tool for HIV prevention because it makes use of existing social processes and actively involves young people in the intervention. However, given the observed limited effectiveness, it might be necessary to re-evaluate the role of peer educators. First, program planners must set realistic expectations for peer education. Peer education based on information sharing only, will never on its own change sexual behavior to a sufficiently large extent. It can however be valuable in creating a less-stigmatizing climate around sexuality and in breaking taboos. Second, while peer educators are now the centre of the intervention, informing -counseling and advising fellow studentsthis role needs to be redefined. Peer educators could be deployed as focal points: beside spreading information on HIV through theatre, songs and discussions, they should be the ones who are aware of key specialists and services to which they can refer. Peer education should not be a stand-alone intervention and should be embedded in a larger strategy. Third, peer education interventions seemingly actively involve young people in the prevention efforts. However, true participation goes further than only involving them in the implementation phase. Young people can participate and provide their input in the needs assessment, intervention development, the follow-up and in monitoring and evaluation. Their input in these phases might be more valuable than in the implementation of the intervention.
Evaluations of HIV prevention interventions need to be more aware of contextualizing outcome measures: condom use and sexual activity as such are not entirely adequate indicators of sexual risk behavior, but need to be complimented by additional indicators related to the nature and context of sexual relationships.
Finally, we must be clear about what we really want to accomplish with HIV prevention interventions. Focusing narrowly on 'sexual activity' and 'condom use' is not optimal, since these behaviors are the result of a decision process influenced by many factors that are inadequately addressed by current peer education interventions. In our view, it would be more useful to focus on the decision-making process itself and empower young people to make their own conscious, responsible decisions. A useful concept in this perspective is 'sexual competence' [62] , meaning that, sexual intercourse should be protected, consensual, undertaken without regret and as a result of an autonomous decision.
